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Abstract 
Heavy aerosol loading phenomena have been observed during an intensive field campaign of Aug. 10 to 19, 
2002 over Mandalgobi, Mongolia. These phenomena continued during several days. Due to sky radiometer 
measurements, the optical characteristics are analyzed for optical thickness and single scattering albedo of the 
aerosol. In parallel, downward solar radiation has been also observed. As a result, the radiative effects of such 
aerosols were estimated to be 47.0W/m2 for the optical thickness 0.48, compared with 10.2W/m2 for 0.07 in AOT 
before the phenomena. Simultaneous analysis of the single scattering albedo shows the similar values of 
0.97-0.98, that is relatively non absorptive aerosol. 
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1. Introduction spectral radiometer, which has seven filters ranging from 315 
Smoke aerosol from biomass burning around South to 1020nm including water vapor channel (Table 1). It is 
American continent have been well studied in many papers designed for measuring direct and diffuse solar radiance at 
(Holben et al. 1996, Kaufinan et al. 1998, Remer et al. 1998). preset angles. A sky radiometer has a unique feature which 
In contrast Asian region has les information about it. The is no requirement of traditional calibration such as a use of 
SKYNET isground based observation network around Asia. Langley method to estimate aerosol optical thickness. It 
Its main target is radiative characteristics of atmospheric needs only solid view angle (SVA) for diffuse solar radiance 
aerosol using the combination of sky radiometer and measurement. SVA is dependent on each instrument but not 
pyranometer and other instruments. Mandalgovi is one of changed with time, unlike filter system. Also it has 
the SKYNET observation site for steady observation. The basically no dependence on wavelength. The time variation 
long-term background aerosol characteristics which are not of SVA of the sky radiometer (S/N:PS090212) setled in 
contaminated by human-induced emissions are observed at Mandalgobi Airport during 1999 to 2004. The entire average 
this site. In addition to that observation, Center for of SVA is 2.49 x 104 str and the standard deviation is 
Envirorunental Remote Sensing, Chiba University and other within 士 3%.
organizations had annually conducted an intensive SKYRAD.pack is the software suite developed for sky 
observation eveiy summer since 1996 synchronize with radiometer analysis(ref). It can estimate optical properties 
satelite vegetation monitoring. In summer of 2002 heavy of aerosol such as optical thickness (AOT), single scattering 
aerosol loading phenomena was observed during the albedo (SSA) and size distribution. The latest version 
intensive observation. This kind of phenomena had not been (Y.4.2) has a retrieval ability of SSA for each channel and 
happened in other years especially in summer season. also Improved Langley method capability for instrumental 
This paper presents result from an analysis of radiative calibration system. SSA is sensitive to diffuse(scattered) 
characteristics of atmospheric aerosol under heavy aerosol radiation. Due to this feature, sky radiometer can give 
loading phenomena during August 2002 around Mandalgobi, AOT and SSA simultaneously. The reliable calibration 
Mongolia. constants are required through these procedures. The 
Improved Langley method has been applied to get them 
2. Instrumentation and Anal sis Method y using more than 7 5 cases dunng 1 June to 5 August in 2002 
In order to observe aerosol and radiation, two major for each wavelength. The maximum RMSE is3.8 % at 400 
instruments were set with meteorological instruments as run and minimum RMSE 1.5 % at 67 5 run ( 
listed in Table 1. Table 2). 
Sky radiometer POM-01 (PREDE, Japan) is a kind of 
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Instrument Manufacturer Obs. Remarks 
Locatio 
Duration n 
Sky POM-01, 
315,400,500, 
radiometer Prede,Japan 
10 Min 675,870,940, Airport 
1020 
Pyranometer 
CM21, K & 
10 Sec 
305-2800nm Field 
Z, Holland (50%ooint) 
Humidity/T HMP45A Vaisala, 10 Sec Field emp Probe 
Finland 
Barometer 1 Sec Field 
Radiative effects of aerosol can be estimated by using 
downward solar radiation observed by a pyranometer 
CM2 l (Kipp & Zonen, Holand). The accuracy of the 
instrument is less than 1 OW /m2 for 1 OOOW /2 at the normal 
incidence. 
Table 1. Instruments for Esfunating Aerosol Radiative 3. Data 
Characteristics at Mandalgobi Mongolia. Mandalgobi is the capital of the Dundgovi Province on the 
border of the Gobi Desert, about 300km south of 
Ulaanbaator, Mongolia(Fig.1). The observation area shows 
a great plain with any tres. It is a grass field in summer 
and sandy in winter season. 
The atmospheric observation was routinely performed at 
the Mandalgobi Airport since 1999, and an intensive 
observation was conducted during 10 -19 Aug 2002 for a 
satelite validation activity. 
Through the intensive campaign period, we met heavy 
aerosol loading phenomena such as white sky. It is 
interesting to analyze such optical characteristics of aerosol 
before and after the phenomena. Fig 2 istime variation of 
AOT (@500nm) and Angstrom's parameter alpha during 
this observation period. We selected typical three days due to 
sky conditions, Aug. 2 for clear sky, Aug. 15 for typical hazy 
day and Aug. 25 for light hazy day. 
A downward solar radiation for an aerosol-free 
atmosphere is required in order to clarify radiative effects of 
aerosol. The radiative transfer code RSTAR 5~is a 
powerful tool using a discrete ordinate method (Nakajima 
and Tanaka, 1988). Also the AOT and SSA of aerosol 
derived from the sky radiometer data should be confirmed 
through the calculation of downward solar radiation. 
Ancillary data in the transfer calculation are supplied from 
the regional objective analysis data of the Japan 
Meteorological Agency (JMA/GPV), such as pressure, 
temperature, and water vapor. Atmospheric parameters for 
missing data such as ozone, carbon dioxide etc is introduced 
from the subarctic summer model of McClatchey's model 
(Kneizys et al. 1988). 
Surface reflectivity was estimated by MO DIS Terra/ Aqua, 
as shown in Table 3. It is dependent on wavelength and 
interpolated into each wavelength of the transfer calculation. 
The radiative effect of aerosol, AREsFc , isestimated by 
ARESFC =尻tc.AER (1-R), 
where R issurface reflectance and, 
f[~ ふ(t) -Fs~c.RAY (t)抄
一↓F = _!_SFC.AER 
(1) 
(2) 
F os(t) and FsFc.RAr(tJ are solar irradiance observed by the 
pyranometer and estimated by a calculation of radiative 
transfer including water vapor effect, respectively. 
Equation (1) means a direct effect of aerosol. 
Table 2 Calibration constants FO of sky radiometer (SIN :PS090212) 
by improved Langley method during 1 June to 5 August 2002. 
std dev ｷ, . , —.... ,
RMSE[%] 
num. of data[half day] 
wavelen鈷h[nm]
FO 
CHINA 
Fig 1. The location of observation site. Mandalgob~Mongolia 
(latitude: 45.44315N, longitude: 106.15583E) and sonde 
observation site Ulaan-baatar Mongolia (latitude: 47.91N, 
longitude: 106.86), Erenhot China (latitude: 43.65N, longitude: 
112.00E). 
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Fig 2. Variation of AOT and Angstrom's alpha. 
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Table 3. Surface spectral reflectance esfunated by MODIS. 
zMenlaitr h Band and wavelength (nm) 
SCENE DATE Sat. 
a(dnegle _)
AOT band3 band4 bandl band2 band5 band6 band7 Remarks 
459-479 545-565 620-670 841-876nm 1230-1250 1628-1652 2105-2155 
MOD021 KM A2002214 0400 02.Aug. Terra 30 65 007 0 08 013 018 0 24 029 0 31 0.27 Clear dav with AOT known 
MOD021 KM A2002223 0350 1 Au1r. Terra 33 44 014 0 07 012 0.16 024 028 0 29 0 24 Clear dav with AOT known 
MYD021 KM A2002223 0530 1 Aug. Aqua 3119 0.14 0.08 014 019 0 27 0 31 0 32 0 27 Clear dav with AOT known 
MOD021 KM A2002224.0435 12Aug_ Terra 3114 007 0.09 014 0.18 0 28 0 32 032 0 26 Clear dav with AOT known 
MYD021KM A2002224 0615 12Aug. Aqua 34 67 0.07 0 07 012 017 0.25 0 28 028 0 24 Clear day with AOT known 
MOD021 KM.A2002225 0340 13Aug. Terra 35 09 0.09 0.07 012 0.17 0 26 0 29 0.30 0 25 Clear dav with AOT known 
MYD021KM A2002225 0520 13Aue:. Aaua 31 32 0.09 0 08 014 019 0.28 0 32 0.32 0 27 Clear day with AOT known 
MOD021 KM.A2002228 0410 16Aug. Terra 33 44 0.14 0.08 013 0.18 0 27 0 31 0.32 0 26 Clear dav with AOT known 
MOD021 KM.A2002234 0335 22Aue:. Terra 3814 0.14 0.08 013 018 0 27 0 31 0.32 0 26 Clear dav with AOT known 
MOD021 KM.A2002237 0405 25.Aug. Terra 36 55 0.22 0.08 013 018 0 26 0 31 0.32 027 Clear dav with AOT known 
MOD021 KM.A2002240 0435 28.Aue:. Terra 36 20 0.05 0.09 015 0 21 0 30 0 34 0.35 0.30 Clear dav with AOT known 
MOD021 KM.A2002217 0430 05 Aug. Terra 29 39 0.08 0 08 014 019 0 26 0 31 0.32 0.28 Clear day with supposed AOT 
MOD021 KM.A2002233.0430 21.Aug. Terra 34.06 0.10 011 015 019 0 28 0 32 0 33 0.27 Clear dav with suooosed AOT 
MYD021 KM A2002233 0610 21.Aui,;. Aqua 36 88 014 0 08 013 017 0.25 0 29 0 30 0.25 Clear day with AOT known 
MYD021 KM A2002237 0545 25.Aug. Aqua 36 40 0 22 011 016 021 0.29 033 0 33 0.28 Clear day with AOT known 
Average 0 08 014 018 0 27 0 31 0.31 0.27 
Deviation 0 012 0 012 0013 0018 0 017 0.016 0 015 
4. Results and discussion 
First of al we compare the downward global solar 
irradiance with observed aerosol parameters (AOT, SSA) 
and other atmospheric parameters and surface reflectance 
estimated by MOD ISwith pyranometer observation value. 
The consistency between calculation and observation was 
summarized in Table 4. In this table cloud contaminated data 
were screened manually. We used smoothness of 
Pyranometer data for as a criterion of this screening. We also 
eliminate the data with large solar zenith angle (larger than 
80ｰ) to minimize the error of levelness of the pyranometer 
installation. The RMSE of entire data is 8.00 W/m2. The 
maximum relative error is -2.37 %. The error under heavy 
aerosol condition (Aug 15) is larger than the other days. 
Table 4. Comparison of global solar irradiance under the 
clear sky condition. 
date time SZA(deg.) obs.LW/m2」 calc.LW/m2」 errorLW/m2」 error L%」
2-Aug 12 00 04 30 3 902 99 896 50 -6 49 -072 
13 00 03 27 4 931 73 92510 -6 63 -072 
15-Aug 12 00 04 33 6 815 53 804 79 -10 74 -1 33 
13 00 04 311 832 79 832 20 -0 59 -0 07 
15 00 04 401 742 57 725 40 -1717 -2 37 
15 54 27 48 0 62040 614 88 -5 52 -0 90 
25-Aug 8 00 04 71 2 264 93 267 78 2 85 +1 06 
900 04 60 8 458 04 451 72 -6 32 -1 40 
1000 04 51 0 618 77 614 97 -3 80 -0 62 
110004 42 5 749 81 741 82 -7 99 -1 08 
12 00 04 36 5 827 83 820 74 -7 09 -0 86 
RMSE 8 00 [W/m2] 
Aerosol radiative effects estimated by above aerosol and 
other atmospheric conditions are summarized in Fig 3. Each 
point indicates calculated ARE by observed aerosol 
parameters (AOT and SSA), solid lines indicate the width of 
error caused by solid view angle of sky radiometer. Four 
dotted lines indicate the simulated values with different SSA 
values (constant value for al wavelengths) as rough 
reference. Aug. 2 was clear sky condition and pre-heavy 
loading phenomena. Aug. 15 was the just a middle of heavy 
loading phenomena. Aug 25 was IO days after since heavy 
loading. But AOT of Aug. 25 indicates that the influence of 
this phenomena being stil remained. 
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Fig 3. Relationship between AOT(@SOOnm) and ARE at 
the surface. 
Noticeable points of this figure are, 
1. SSA was not changing during this period (before and after 
the forest fre). 
2. No significant absorption is found under heavy aerosol 
loading event (Aug 15, 25). 
3. Maximum error of ARE cause by solid view angle is 2 
W/m. 
Then we tried to estimate error of other factors such as 
water vapor and ground reflectance. We used sonde sounding 
data to estimate the error of water vapor density profile used 
in our calculation. We assumed the variation of sonde 
sounding data which are scattered around Mandalgobi as 
magnitude of error of JMA/GPV water vapor density. 
Erenhot, China (station number: 53068, latitude: 43.65N, 
I9ngitude: 112.00E) and Ulaan-Baartor (station number: 
44292, latitude: 47.91N, longitude: 106.86) were the nearest 
sonde station around Mandalgobi (see Fig I). We used 
precipitable water content of both data for error estimation. 
Table 5 isthe result of this error estimation. The maximum 
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error cause by water vapor density is about 1 OW/rrl-. Effect of 由y-season biomass burning on Amazon basin 
aerosol concentrations and optical properties, 1992-1994, J. 
Table 5. Effect of water vapor error to the global solar Geophy Res., 101, 19465-19481, 1996. 
irradiance. Y J.Kaufinan, P. V. Hobbs, V. W. J.H. Kirchhoff, P. Artaxo, 
date 
"-"ｷ-ｷ 一ー一 ""-" — ""—0 L. A. Remer, B. N. Holben, M. D. King, D. E. Ward, E. M. 
叫 Prins, K. M. Longo, L. F. Mattos, C. A. Nobre, J. D. 
9ｷ70 Spinhime, Q. Ji, A. M. Thompson, J. F. Gleason, S. A. 
Christopher, S. --C. Tsay, Smoke, Clouds, and 
Error due to the surface reflectance is also summarized in Radiation-Brazil (SCAR-B) experiment, J. Geophy Res., 
Table 6. We used deviation of 15 days data for error 103, 31783-31808, 1998. 
estimation. The max皿umerror 1s about 0.2 W Im . T. Nakajima, G Tonna, R. Rao, P. Boi, Y Kaufinan, B. 
Holben, Use of sky brightness measurements from ground 
Table 6. Effect of surface reflectance error to the global for remote sensing of particulate polydispersions, Applied 
solar irradiance. 
date 
Optics, 35, 2672-2686, 1996. 
L.A. Remer, Y J.Kaufinan, B. N. Holben, A. M. Thompson, 
D. McNamara, Biomass burning aerosol size distribution 
and modeled optical properties, J. Geophy. Res., 103, 
31879-31891, 1998. 
The discrepancy between observation and calculation of Kneizys, F. X., E. P. Shettle, L. W. Abreu, J. H. Chetwynd, G 
global solar irradiance (maximum 8.0 W/m2 see Table 4) is P. Anderson, W 0. Gallery, J. E. A. Selby, and S. A. Clough, 
within the total error of water vapor density profile 1988: Users Guide to LOWTRAN 7.AFGL-TR-88-0177. 
(maximum 10.0 W/mり and solid view angle of sky Nakajima, T., and M. Tanaka, Matrix formulations for the 
radiometer (maximum 2.4 Wlm¥ Effect of surface transfer of solar radiation in a plane-parallel scattering 
reflectance error is almost negligible. atmosphere. J. Quant. Spectrosc. Radiat. Transfer, 35, 13-21, 
5.Summary 
We have performed several kinds of solar radiation 
measurements in Mandalgobi, Mongolia during August 
2002. In this period heavily loaded aerosol were observed in 
this area. We estimate the aerosol radiative effect using sky 
radiometers data and compared with global solar irradiance 
observed by pyranometer. As a result, the radiative effects of 
such aerosols were estimated to be 47.0W/m2 for the optical 
thickness 0.48, compared with 10.2W/m2 for 0.07 in AOT 
before the phenomena. Simultaneous analysis of the single 
scattering albedo shows the similar values of 0.97-0.98, that 
is relatively non absorptive aerosol. 
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